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(57) Abstract 

The ordsenr lnvemicn provides methods 'and. .fe&ts lor 
detection, m& opttsrtaUy quantitation of multiple Bucieic acid 
4qyencci The, -assays of ihe kiventk>o v as illustrate! 'to 
the Saute, «Ki>pk>y a plurality of species of capture prober, 
each 'species cam prising, .a b^ribjjjfa&ge covaiemly . or mm- 
covjifcsntly linked to m cYig^mcl&otidt com$*«ti*fl&?y to 
one -aTUiSvte, wherein the bacteriophage- of each specks, ts 
capable of generate a disanclfve signal when plmtti on 
m miSlcMor mdium. The oligonucfcdi^e moiettes of each 
capture probe contain a sufficient number- of eemigiKHSs 
ribonueleoi&s so con&r semitiviiy io ^ rlbomdmm specific 
for RNA/DNA or RNA/RNA duplexes. In the nseihoa of 
ilxs Invention, the captures pr^f>e species sre combined with 
the MdWnp&'^H&b tu***ea processed to releases ingle- 
smn&zd nucleic acids. Hybridisation is allied io • t<xw> 
thpsshf gencraii0g DNA/RNA or RMA/RHA dii^exss. By 
asJdmg a nyekolytic enggrae .capa^« of ckavitig 0NA-RNA 
duplexes, bsetejiopfcnge are rdeased for detection of the 
different signals m m indicator medium* The kit of the 
mvenftkro provides components which allow the method of 
the inveftnos to be performed. 
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DETECTION OF MULTIPLE NUCLEIC ACID SEQUENCES 
IN A FLUID SAMPLE 

The present invention relates to the Held of assay for multiple 
nucleic acid sequence analyses in a single fluid sample. More 
particularly, fee present invention is directed to detection, In a sample... 
of multiple nucleic acid sequence anatytes; .for example, those 
charaeieristic of pathogenic organisms or of oligonucfeotidfe therapeutic 
agents, as an aid to diagnosis and treatment of disease stales, or those 
characteristic of contaminants in reagents that are feqnirp to be sterile, 

BACKGROUND OF THE INYEMTION 

Nucleic, acid sequence- based assays can directly or indirectly 
measure ifie level of a anal yte nucleic acid present in biological fluids. 
Many such assays are known, for example, as disclosed in U.S. Pat No. 
5 J 24,246; US. Pat No, 4,775,619; U.S. Pat No. 5,328,825; U.S. Pal 
No, 5,232 J29; and ILS. Pat. No, 5,283,174. Such assays generally rely 
on amplification, either of the nucleic acid aaaiyte itself or of the signal 
generated by a probe. The amplification requirement inherent to 
eorreniiy available DMA sequence- based assays necessitates specialised 
equipment and training of laboratory personneL When the nucleic acid 
analyte is amplified, as by the polymerase chaiti reac Lion, standardized 
results are generally not available, and the procedure is susceptible to 
contamination. Moreover, PGR amplification -products often contain 
sequence inaccuracies. When the signal 1$ amplified, high backgrounds 
cm result from nonspecific binding of the probe to non^analyie nueielc 
acids md to other species present in the sample . 
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Occasionally a single biological sample contaitis more than one 
clinically relevant nucleic acid analvte; For example, when any of a 
number ol pathogens could cause similar svmpipnuiology v or when an 
Indi vidua! may be mieeted wife more than one pathogen t separate assays 

5 must be performed for each pathogen, OligonucleDtide-baMd 

therapeutic agents are also used in clinical ttrais, and ultimately* an 
individual treated with a combination of such agents will require 
monitoring for their presence. 

Using currently available methodologies, a sep&nuo assay must 

10 be performed for each nucleic acid aoatyte. Hie amount of biological 

sample required for such multiple assays is greater than that required for 
a single assay, necessitating increased handling, storage, and 
insmimemation in addition to potential increased patient discomfort. 
The require meni for separate assays for eacii nucleic acid analyte can 

15 increase the expense of diagnosis as wet! as the time involved in 

reaching diagnosis and thus in deciding oo appropriate treatment 

Significant, difficulties arise in using known nucleic acid 
sequenee-based assays for simultaneous: detection of more than one 
anatyte nucleic acid in a biological sample. The presence of more titan 

20 one probe sequence: could result in cross-hybridisation to ICR products 

that contain sequence inaccumetes. The high background problem in 
signal-ainpiiticaiion assays could interfere with detection of multiple 
signals. Thm a need exists for no vei ON A-based diagnostics which 
accurately and efficiently detect multiple nucleic acid analyses,, with 

25 minimal expense and inconvenience for clinician and patient 

Multiple DN A sequences on chromosomes have been detected 
siimtUaneously using the fluorescence in situ hybridization approach 
disclosed in; P.M. Nederiof, <?i al (1990), Cytometry Ih 126-131. In 
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this method, alplioM and satellite DNA probes specific for human 
chromosomes were used, to detect chromosomal aberraiiOHS. % Ried, er 

(3992), Froc Natl Acad, ScL USA 89, !3g«-1392> expanded the 
fluorescence hybridization technique through use of an 

epifltiOFescence microscope equipped with a digital imaging camera and 
cornpaier software that allowed pseudoeoloring and image merging. 
With this system it was possible to distinguish seven different probes 
using three Oiioroehromes, Although probe-based pathogen diagnosis is 
meiuioned in Ried et al, the probes disclosed ate limited to 
ehromosome-specific alphoid DMAs and id probes coataMag sequences 
mapped to pariicular ehramosomes. The probes of Ried et ai were 
capable of distinguishing difiefent human chromosomes or of 
distinguishing the locos of a particular sequence on a single 
chromosome. Dirks et al (199!) Exp. Cell Research 194, 310-315, 
discloses use of fluorochrDme^abeled oligonucSeoiides in combination 
with oiigooacieotte labeled with biotin-l l-4UTP and digoxigemn- 
1 IdUTP for m situ hybridization studies of three closely related 
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SUMMARY OF THE. INVENTION 



The present' inventors have discovered a method of assaying tor 
multiple nucleic acid sequence analyses in a single fluid sample. The 
method of the invention distinguishes different nucleic acid sequence 
aaalytes present in a biological sample through use of a plurality of 
species of capture probes, each species compnsiag a bacteriophage 
linked to an oligonucleotide complementary to one ariaiyte. Bach 
bacteriophage is capable of generating a distinctive signal when plated 
on an indicator medium. In a preferred embodiment, the oligonncleoiixle 
moiety of each capture probe species contains a sufficient number of 
contiguous ribonucleotides to provide a DNA/RNA or RMA/RNA 
substrate when hybridization to nucleic acid sequence analyles oeetirs. 
In this embodiment, after hyhridimtion to nucleic acid sequence an&lytes 
has occurred, the hybridisation mixture is treated with a ribonuejease 
capable of cleaving DN A/RNA or RNA/RN A duplexes. In another 
embodiment, the oligonucleotide moieties of each capture probe species 
contains only deoxyribonucleic acidK v and the hybridisation mixture is 
treated with an appropriate restriction endoriiiclease to cleave DNA/DN A 
hybrids formed, Treatment, of the hybrids with the; .rihonuclease or 
restriction endonuclease releases infective bacteriophage. Each species 
of capture probe may he detected, and optionally qoaotitated. by adding 
the bacteriophage to a bacterial host strain, allowing infection to 
proceed, and detecting the distinctive signals in bacie^ophage- j>|a<|aes 
produced on an indicator medium, in this way multiple nucleic acid 
sequence aiialytcs in a single biological -sample may ho detected. 
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In one embodiment ffie invention provides an assay to detect ai 
least two different nucleic acid sequence an&lytes h\ a fluid, comprising 
the steps of: processing the fluid to release siiigie-straoded nucleic 
acids; providing at least two spades of capture probes, each species 
■comprising. -a bacteriophage linked to a single-handed oligonucleotide 
complementary: to . one artatyte, wherein the bacteriophage of each 
species is capable of generating a distinctive signal when plated on an 
Indicator medium; combining the fluid and the capture probes at a 
temperature and for a time sufficient to form a hybridization mixture 
without teversibly destroying the jnfceflvUy of the bacteriophage: 
incubating the hy&rtdization mixture with a nuclease capable of cleaving 
nucleic acid duplexes formed in the hybridisation Step, at a temperature 
and for a time sufficient to allow cleavage of said diipiexe$. thereby 
releasing ineffective bacteriophage; plating the Infective bacteriophage 
cm the indicator medium; and detecting the signals corresponding 10 the 
infective bacteriophage. 

In another embodiment, the inveiitioxi provides a kit comprising 
at least two species of capture probes, each species comprising a 
.'bacteriophage linked to a stegle^franded oligo-nueieotide 
camplenientary to one analyte, wherein the bacteriophage of each 
species is capable of generating a distinctive signal when plated on an 
indicator medium. 



BRIEF .DESCRIPTION' OF THE DRA WINGS 

Figure 1 shows a schematic depiction of the method of the 
invention. 

figure 2 shows a schematic jdepieiios of the cloning strategy set 
forth in Example 3. 



DETAILED DESCRIPTION 
Of THE PREFERRED EMBODIMENTS 



The ; assays and kits of the present invention allow rapid and 
cost-effective simultaneous detection, and optionally quantitation, of 
nuiUiple nucleic acid atralytes which differ in sequence from om another 
and thus are termed "nucleic acid sequence analyies". The assays and 

15. kits of the invention may be used for idcntificaticn, and optionally far 

quantitation, of the organism or organisms which cause a particular 
disease state. The assays and kits of the invention may also he used to 
detect and optionally to quantitate multiple nucleic acids in a fluid 
sample* The number of capture probes to he included in each assay or 

20 kit is limited only by the number of bacteriophage signals that may be 

distinguished. Preferably, at least two species of capture probes are 
Included in each assay or kit More preferably, at least six species of 
capture probes are included in each assay or kit. Most preferably, from 
four to about ten species of capture probes are included in each assay or 

25 kit. 

The particular nucleic acid sequence anal ytes to be detected in an 
assay in accordance with the invention are chosen by determining the 
clinical manifestation which the assay is intended to diagnose or 
monitor. For example, when the assay is used for diagnostic purposes, 
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the nucleic acid sequence artaiytes correspond to organisms that may 
potentially cause a partieufar symptomatotegy. When the assay is used 
to detect oUgoMcjfcodcle- therapeuUQ:-a$ep^ thc/^jyte? are chosen in 
accordance with the identity of the oligonucleotide therapeutic agents 
5 likely -to be administered for treatmeni of a particular pathological state. 

Any combination of nucleic acid sequence anaiytes may be 
"detected", using the methods and kits of the present invention. When the 
assay Is used to detect and optionally to qnamilate pathogenic 
organisms, individual DNA or. RNA genomes, either double -stranded or 

10 single-stranded, may be detected. Any viral genome may be detected 

and optionally quamit&ted using the methods and kits of '.the present 
in vemsoh. For example, gm omes of pox viruses, herpesv iruses, 
adenoviruses, papova viruses, myxovimses, retroviruses, arboviruses, 
picomaviruses, rabies viruses, nibeUa viruses, hepatitis viruses, and the 

13 like, may all be detected in accordance with the present invention. 

Similarly, any bacterial pathogen genome may be detected and 
.optionaHy • quantitated . using the methods and kits of die present 
invention. Genomes of both gram-positive • and grain -negative bacteria 
may be delected in accordance with the invention. Genomes o! bacterial 

20 species from any genus, such m SmphyJ&caecm. Pmumococcus, 

Streptococcus, Bacillus, Cotymhacterium, Listeria, Neisseria, 
Trepamma. I^gwmUa, Cimmdium, Mycobacterium. $trepmmyces y 
Nocardia, PmieureUa, Brucdia, Haemophilus > Bardotelia, Salmonella* 
Escherichia* Shigella, Vibrio, BarreUa, Leptospira, Mycoplasma, 

25 Chlamydia, Rickettsia, and the like, may all be detected and optionally 

quantitated using the methods and kits of the present invention. 
Genomes of fungai pathogens may be detecied and optionally 
quantitated in accordance with the present invention. Genomes of 
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fiisigal species From any genus. Cor example Blastomyces, Crypmcoccus, 
Cawtida, C&ccidmktes, HismptasmK and the like, may all be- detected 
and optionally quantitaied using ihe " methods and kits of -the present 
invention. : Genomes of protozoa! pathogens may afeo be detected and 
5 optionally qiiafitiiated io accordance with the present invention, 

Genomes of pmtozoal pathogens from any genus, such as Entammlw, 
Giardm, Tricham&n&Sy Trypanmarha^ Leishmanial Plasmodium, 
Toxoplasma, and the like, may each be detected and optionally 
quamifcued using the methods and kits of the present invention, in 

S 0 short, any pathogenic agent which m .sited inio a biological fluid may be. 

detected in accordance with the present itiveritian. 

The configuration of the assays and kits when used to detect 
pathogenic organisms may be determined as follows; The clinical 
symptomatology to be diagnosed is selected. For ex ample, an assay or 

15 kit of the invention may he directed to diagnosis of upper respiratory 

infection oral infections, pleuropuimonary inleciions, abdominal 
infections, urogenital Infections, neurological Infections, vascular 
infections, hematologic infections, dennai infections, ocular infections, 
musculoskeletal infections, and the like. The most common eiiologic 

20 agents for the chosen symptomatology are then identified, and capture 

probes for a plurality of these agents are included in the assay or kit. 
For example, one assay or kit for diagnosis of upper respiratory 
Infections comprises at. least two capture probe species for any or all of 
the following agerns: £ pyogenes, M pneumoniae f K influenzae, 

25 influenza virus, eoxsackie virus, and echo viros, Another assay or kit for 

upper respiratory infections comprises at least two capture probe species 
for any or all of the following agents: C dipktherwe* &- ikf$uenm£ t S: 
pneumoniae* Ai pneumoniae, influenza virus, and respirator syncytial 
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virus. As aiipther example, the assay or kit may he configured to 
diagnose sexually transmitted: diseases (S'TDs). Such an assay or kit 
comprises at least two capture probe species for any or ah of the 
following agents: N. gonorrh&em C. trachomatis Z paUidum. human 

5 immunodeficiency virus, herpes simplex vims, and human 

papillomavirus. When subspecies of a pathogen can cans different 
clinical manifestations, as with strains of C. trachomatis or with strains 
of human papillomavirus, the assay or kit can be configured to 
distinguish such subspecies. Additional assays and kits may be 

10 configured for diagnosis of infections in specific populations, for 

example, in infants or in AIDS patients. Those of skill in the art will he 
able to determine a wide variety of assay and kit configurations in 
accordance with die invention, without undue experimentadon. 

Any fluid that may potentially contain nucleic acids may be 

15 assayed using the methods and kits of die invention. Such fluids 

include pulverized and suspended geological: samples, reagents used to 
manufacture diagnostic and therapeutic agents, and the like. 

Similarly, the presence of any combination of different 
oligonucleotide therapeutic agents may be detected and optionally 

2() quaniitated in a biological fluid using the methods and kits of the 

present invention. As such oligonucleotide therapeutic agents become 
commercially available, the particular agents to be detected and 
optionally quaniitated, and thus the configuration of the assay or kit. of 
the invention, will be readily determinable by those of skill in the art, 

25 Any biological fluid may he assayed using the method of the 

invention. As defined herein, a biological fluid may be serum, plasma, 
whole blood, urine, semen, vaginal secretions, saliva, nasal secretions, 
sputum, milk, lymphatic fluid, lacrimal secretions, sweat, cerebrospinal 
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fluid, bone marrow, ascites, cell lysate, biopsy homogeaaie, culture 
supernatant sewage, and the like. The biological fluid sample may be 
assayed neat or diluted. Moreover, after processing which will allow for 
release of nucleic acid sequence afmlytes, my imm or organ In which a 
pathogen or other nucleic acid aBatyte is sequestered may .be subjected 
to the methods and km of the present invention, 'if necessary, 
hydrolytic eii^ymes such m nucleases or proteases mil be inactivated, 
for example, by heating, in order to avoid subsequent interference with 
the assay system. In accordance with the invention, a tissue or organ 
sample which has been processed to release nucleic acid sequence 
analyses Is defined as a biological fluid. 

In the first step of the assay of the invention, the. biological fluid 
is processed to release single- stranded nucleic acids, ie« to denature any 
double-straiided nucleic acids and thereby to make them available for 
hybridization to the oligonucleotide moiety of the capture probe of the 
invention, Methods for processing biological -fluids to expose nucleic 
acids axe known. Such processing may encompass heating far a time 
and at a temperature sufiickni to denature the nucleic acids in the fluid. 
In this embodiment the capture probe is combined with the processed 
biological fluid prior to allowing the fluid to cool, so that hybridization 
to the capture probe may occur. Alternatively, such processing may 
encompass exposing the biological fluid to a denaturing agent, for 
example, m alkali such as sodium hydroxide. The kit of the invention 
may optionally .contain reagents suitable tor performing the processing 
step; for example, the denaturing agent may be provided as a 
component gi diluent for the biological fluid. 

In the next step of the in vention, the biological fluid is combined 
with a plurality of species of capture probes, each species comprising a 
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different bacteriophage and a different oligonucleotide complementary to 
a particular nucleic acid sequence anaiyie. As defined herein, a 
"different bacteriophage^ is one which yields a distinctive signal when 
plated on an .indicator medium. In accordance with the invention a 

5 "signal" is any detectable maBifesiauon in the bacteriophage employed 

in the capture probe, Signal differences among bacteriophage may 
occur by virtue of differaM genetic -.markers present m the. bacteriophage 
genome. For example, the bacteriophage of one capture probe species 
within an assay or kit may contain a gene or cDNA encoding ludferase; 

XQ a bacteriophage of a second capture probe species may contain a gene 

or eDN A encoding p~galactosidase; a bacteriophage of a third capture 
probe species may contain a gene or cDNA encoding alkaline 
phosphatase; a bacteriophage of a fourth capture probe species may 
contain a gene or cDNA encoding lactic dehydrogenase; a bacteriophage 

15 of a fifth capture probe species may contain a gene or cDNA encoding 

succinic dehydrogenase; a bacteriophage of a sixth capture probe species 
may contain a gene Of cDNA encoding horseradish peroxidase; a 
bacteriophage of a seventh capture probe species may contain a gene or 
cDNA encoding lactoperoxidase. and so forth. Any gene or eDN A may 

2() serve as a genetic marker in accordance with the invention, so long as it 

can be insetted into the chosen bacteriophage genome and so long as me 
bacteriophage: viability is maintained. Since many bacteriophage allow 
insertion of large amounts of foreign DMA, the assays and kits of the 
invention provide significant flexibility in configuration with regard to 

25 signal differences among the bacteriophage of capture probe species, 

Alternatively, signal differences among the bacteriophage of capture 
probe species may result from differences in a plaque .morphological 
characteristic such as size, molded appearance, and the like. 
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Any vimleiit bacteriophage is Suitable- 'for use as a component of 
the capture probes of the invezttion. Preferably, bacteriophage which 
Infect either BaciUus suhmis, l&ctococcus iactm noa-paihogenic strains 
of Pseitd&m&nm, non-pathogenic strains of Satm^meUa, or mm- 
pathogenic strains of Escherichia coli may be employed. Examples of 
preferred bacieriophage 1 that: Meet Bacit!m$tifotiite are 0)29, !>ZA* SP01 
and SP82 and any derivatives thereof. Examples of preferred 
bacteriophage that infect Ljictm&ccus iactis are 4>vMI3 and d>LG3 and 
any derivatives themol Examples of preferred bacteriophage thai infect 
Pseudattwnas are .<f>GTX and PO and any derivatives thereof. Examples 
of preferced bacteriophage that infcet Salmonella are P22 and PSP3 and 
any derivatives thereof. Examples of preferred bacteriophage thai In feci 
Escherichia eati are the T-everi phages, T3, T7 t single stranded DNA 
phages, RNA phages. lambdoid phages and any derivatives thereof. 
More preferably, cf>29, «j>LC3 r ^€TX, P22, T4. (a T-even phage), $XX14 
(a. single stranded; DNA phage), R17 (an RNA phage), T7 or a Mmbdoid 
phage may fee employed. Most preferably, the lam bdoid phages k s -Xvir, 
(f>'8G,. $81, phage 21, phage S2 y phage 424, phage 432, Mnsm434> 
XEMBL derivatives, and Xgi derivatives are all .suitable as component 
of the capture probes used in the assays and kits of the invention. 

In accordance with the invention, a coat protein of the 
bacteriophage of the capture probe is covalently or noneovafentty linked 
to a .first site (?>*?., niicleie acid residue) on an ollgonucleotiete. The 
linkage between the bacteriophage add the . oligonucleotide : occtfrs via 
any polypeptide present on the surface of the bacteriophage so long 
the inactivity of the bacteriophage is not diminished. For example, any 
of the polypeptides present on the surface, of the head of the 
bacteriophage, or my of the poly peptides present on the surface of the 
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tail of tfte bacteriophage may act as the sites of linkage between the 
bacteriophage anil the oligonucleotide. When a lamfecioid bacteriophage 
is used in the capture probes of the invention, either of die two major 
head proteins of bacteriophage a, gpD and gpB.or the major tail protein 
Of bacteriophage gpV, may serve as the. specific site of linkage 
between the bacteriophage and the oligonucleotide. Similarly, 
poly peptides analogous to the bacteriophage X proteins, which are 
present cm other bacteriophages, may also act as. the: sites of Hnkage 
between the bacteriophage and. the. oligonucleotide. Examples of sites for 
atmchment of oligonaeleotides to bacteriophage other than X are: gp9 
(tail protein} or gp5 (head proiem) of P22, and gpg'f major capsid 
protein) of $29, 

Alienmtiveiy, a modified haeteriophage A gpV protein, or a 
modified version of an analogous tail protein from another 
bacteriophage, may serve as the site of linkage between the 
bacteriophage and the oligonucleotide. Methods for imrodoeing such 
modifications are set forth v for example, in copending U.S. Ser. No. 
08/^)53 j66 r; allowed U.S. Sen Mo. OB/299,249, and LIS. Sen 
Noi)S/368J70, incorporated herein by reference. When a jamhdoid 
bacteriophage k employed, the gpV protein Is preferably modified as set 
forth Example L 

As set forth above, the capture probe used in the invention may 
comprise a bacteriophage eovaiently linked to an oligonucleotide. 
Chemical methods . for effecting aeovalem linkage between the 
bacteriophage &M the oligonucleotide are set forth in copending U.S. 
Sen No. 08/368, 870. 

PieferablVv. linkage, between the bacteriophage and the 
oligonucleotide is non-cov&ient, wherein the oligonucleotide moiety of 
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the capture probe is chemically linked to a first member of a 
noncovatent binding pair, which is in turn non-eovalenily linked to a 
second member of the non-covalent binding pair. A ftoh-^covaJeai 
binding pair in accordance with the invention includes vitamins and 

5 their specific buiding proteins, receptors and their high affinity tigands, 

antibodies and their respective antigens, lectins and the carbohydrates to 
which they bimt and the like. The . second member of the non-covakmi 
binding pair is in turn chemically linked to the bacteriophage. The 
chemical linkages between the oligonucleotide moiety and first . member 

1 0. of the non-cavateM binding pair, and between the bacteriophage and 

second member of the nan-cavaleni binding pair, may be covaSent or, if 
affinity is sufficiently high, non-covaleiiL 

in a preferred: embodimenu the oiigonBCleotids b linked to a 
vitamin binding protein, such as ;gtrep^vk1.m : or avidm* and the 

15 bacteriophage is linked id an acceptor protein im a vitamin, such as 

biotiiL The acceptor : .protein is displayed on the surface of the 
bacteriophage. Methods for effecting display of an exogenous protein 
on the surface of a bacteriophage are known. When a lambdoid 
bacteriophage is used in the capturo probe, the acceptor protein is 

20 preferably attached to a gpV or gpD protein, Methods for attacking an 

exogenous protein to a lambdoid gpV protein are disclosed in the 
copending applications cited above, and in Maruyama, et al (1994), 
Proc, Natl Acad Sci USA 91, 8273-8277. Display of proteins attached 
to a lambdoid gpD protem are disclosed in Sternberg et al (1995), 

25 Proc, Matt Acad Sci USA 92, 1609*1613. When a lambdoid 

bacteriophage is employed in the capture probe, the acceptor protein is 
p inferably -a'biotin acceptor protein attached to a gp¥ protein as set 
forth in Example 2. 
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The oligonucleotide moiety of each capture probe is 
complementary to one of the nucleic acid sequence analyses detected 
and optionally quantified by the assay or kit. The oligonucleotide 
mobiy of each capture probe used in the assay or kit of the invention is 
characterized by a nucleic acid sequence compfcrnentary to a nucleic 
acid sequence analyse such as a conserved region of a genome of a 
pathogenic agent or an oligonucleotide therapeutic agent Freferabiy. 
the ollgonncieotide moiety of each capture probe is complementary m 
about ten 10 about fifty nucleotides of a nucleic acid sequence analyie. 
More preferably, the oligonucleotide moiety of each capture probe is 
complementary 10 about twelve to about thirty nucleotides of a nucleic 
acid sequence analyie. 

The oligonucleotide moiety of each capture probe may contain 
only deoxy ribonucleic acid, and in this embodiment, nucleic acid 
sequence analy.te/captore probe duplexes fomied in accordance with the 
method of the Invention are cleaved by endonne leases specific for 
&HA/DHA duplexes. Methods for constructing oligonucleotide probes 
containing restriction endonuciease recognition sites are set fordi in 
copending tXSL Sec Mo, 08/368,870. 

In the prnferred embodiment, the oiigonucleotide moiety of each 
capture probe is an oligoribonucieoiide or a hybrid oligonucleotide 
having both ribonucleotide and deoxyribonocleotide coniponents. In this, 
way sensitivity to a nuclear specific for DNA/RNA or RNA/RNA 
duplexes is conferred on the nucleic acid sequence anaiyte/eaptnre probe 
duplexes formed in accordance with the method of the invention. 
Preferably, the oligonucleotide moiety of the capture probe comprises 
from abourten to about 25 contiguous ribonucleo tides between a 5' 
portion comprising a plurality of contiguous demy ribonucleotides and a 
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y portion comprising a plurality of contiguous cieoxyribonuejeoiide? , 
Mom preferably, the oil gonBCieotids. moiety of the capture probe 
comprises aboni ten contiguous ri bo nuc foots des between a S portion 
comprising a plurality of contiguous deoxyribonucieotides and a 3 s 
portion cornprLsmg a plurality of contiguous deoxynbpnoeleotides. 

When the capture probe k designed as a. molecule 
complementary to a pathogen genome, a conserved region of a pathogen 
genome is chosen as. the nucleic acid sequence anaSyte, Preferably, the 
region of pathogen genome chosen to design the capture- probe 1$ 
specific for the pathogen, as compared to oilier organisms or agents 
detected by the assay or kit Any portion. -of a region of a genome 
which is conserved among a subspecies of a pathogenic organism may 
serve as a template for the oligonucleotide moiety of the capture probe 
used in the invention, so long as a sufficient number at consecutive 
conserved nucleotides are present la allow hyMdteaiion to occur 
between tiie oligonucleotide TBdieiy and the pathogen genome, 
ideniiflcaiioo of conserved, unique regions of pathogen genomes is 
within the level of skill in the an, since many pathogen genomes are 
known or are readily determinable, and conserved regions of such 
genomes are readily apparent by comparison with other pathogen 
genomes. In accordance with the invention, the pathogen genome may 
be embodied as. a single -stranded or double-stranded DMA genome, an 
RNA genome* ot as mRNA. 

Any chemical portion of the oUgonoeleotide moiety may be 
modified in accordance- with the invention, so long as the 
oiigon.uoieotide moiety's ability to hybridize to the nucleic acid sequence 
analyse is preserved, Soeh modifications may be made 10 enhance the 
stability of the oligonucleotide moiety when exposed to die biological 
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Ouid, Far exafnjitfe, the nucleotides of the oligonucleotide moiety may 
be linked via oilier than phosphodiestar internucleoside Hnkagas known 
in the art ..such as phasphorothioates, pfeospfeofodithioates, 
pIiospliomfBidaies, carbamates, carbonates, phosphate esters, 

5 alley iphospbonates^ ailcylphosphoaoihtoate^, phosphommidites* phosphate 

esters, aeetanudaies, carboxymethyl esters, carbonates, phosphate 
tiiesiers. or the like. Alternatively, the nucleic acid base ..of the 3* 
terminus may be modified to include -a suiftydryl group, or the sugar 
moiety of the 3? terminus may he modified io contain a sulfhydryl 

10 grouo. The 5* lerminus of fee oligonucleotide may be modified so that 

die primary amino group is present on the phosphodiester backbone, the 
: nucleic acid base or on the sugar. In addition, the sugar of my 

nbonucieotide : in the : oligonucleotide may be modified by having an 
arabinose instead of a ribosev or having a 2-subsiitntion such as a 

!5 alkyl/2-O-aryL 2'~0~alfyL I'-halo, or 2-amioo suMtttutioiL Methods 

for preparing such modifications of nucleic acids are well known in the 
art,, as set forth, for example, in Uhimann et ah, (B90) Chem, Rev, 90, 
543-584, in: Prmomlsfor. Oligmuckatides and Anahgs, Methods in 
Molecular Biology, vol. 20, S. Agrawai eti (Bamana Press, Totowa. 

20 h;1 1993} an a in Protocols for OUgmrnciemtde Conixgam, Methods in 

Molecular Biology, vol 26, S v Agrswai, ed. (Humana Press, Totowa. 
N : J h 1 993), Sue h modified oligonucleotides are also commercially 
available, for example, from Integrated DNA Technologies, Inc., 
Coral ville, I A, 

25 In addition , modif tcations can occur at internal bases and sugars 

and on the ptephodiester backbone at posiiions otber than the S 
terminal phosphate v so long as the caigonucleotJ.de moiety^ abiiiiy io 
hybridize to the nucleic acid sequence analyte is preserved. For 
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example, phosphorotM^aie di esters cm be incorporated into the 
phosphate backbone of the oligorjuclcoiide at any position. 
Phosphothio&le diesters can. by alkylated with reagents containing y- 
bmmo^.p-onsaturaied earhonyls, iodo- or hmmo-acet&mid£s< or 
azmdinylsiilphoeaitiide^ to produce phosphoroihio&ie iriesiers (Conway 
et al (1991) in Oligonucleotides md Anaiogues: A pmctimi approach, 
Eckstein Oxford University Press, New York, pp. 21 1-239% In 
another example, modified pyrimtdine nucleosides can be incorporated 
into the digoaucfeotide. Such modifications include modifications of 
the C-5 position of 2' -deoxy uridine and modifications of the N* of 
deoxycytadine, as described by Ruth (1991) m QiigmmciemMes and 
Analogues: A practical approach, Eckstein (ed.), Oxford University 
Press, New York, pp. 255-282. 

In accordance with the invention* the oligonucleotide moiety of 
the capture probe is also modified to permit eovafent or oon-covalem 
linkage to a solid support or matrix at a functional group present on a 
first nucleic acid residue or site of the oiigonucleotide. Any nucleic 
acid residue present on the oligonucleotide moiety may serve as a site 
for linkage to the solid support or matrix , so long as the availability of 
the oiigouucicoiide for hybridixatioii to the nucleic acid sequence 
anajyte is preserved. In accordance with the inveniion> the 
oligonucleotide rnay be attached directly to the solid support or matrix, 
or it may he attached to a Sinking molecule which is in turn attached 
direcily to the solid support or matrix. In accordance with the 
invention, the oligonucleotide may he attached, covalentiy or nors- 
covalentl-y to the linking molecule. Any linking molecule is suitable- to 
auach the oligonucleotide to the solid support or matrix, so long m the 
linking molecule car* maintain m attach mmi between the 
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oligonucleotide and the solid support or matrix which is maintained 
dunag hybridization of the capture probe to the nucleic acid sequence 
aoalyie. Alternatively, the oligonucleotide may be cevalentty attached 
to the solid support or matrix, for example, through a thiol group 

5 incorporated in the oligonucleotide. One such example has been 

described by Blanks and McLaughlin (1991) in Oligonucleotides, and 
Analogues: A. pmciicdl approach Eckstein (ed.), Oxford University 
Press, New York, pp. 241-254. 

Any solid support or matrix is suitable for use in the present 

I q invention. For example, polypropylene resins, polystyrene resins, and 

the like are suitable as matrix components of the composition of the 
invention. Any membrane or bead designed for covaient or non- 
cdvalent attachment of molecules through primary amino groups Is also 
suitable as a matrix in accordance with the present invention. A wide 

15 variety of beads or microspheres suitable for attachment to the 

Oligonucleotide is commercially available. Mieroiiter plates of any 
material are also suitable solid supports in accordance with live 
invention. Methods are known for covaient and non-covaient 
attachment of free oligonucleotides to a variety of solid supports, for 

20 example, as set forth in BP 439.222 and BP 455,905. 

As set forth above, the capture probes used in the assay and kits 
of me invention comprise an oligonucleotide moiety covalently or non- 
eovalentiy linked at one terminus to a bacteriophage and covalently or 
non-covaiently linked at the other terminus to a solid support or matrix, 

25 Any method may be employed to attach the oligonucleotide moiety to 

the bacteriophage, so long as the method allows attachment of 
preferably only one oligonucleotide per bacteriophage, and so long as 
iafectivity of the bacteriophage is not irreversibly destroyed. 
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To maintain the sensitivity of the method of the invention it is 
necessary that each bacteriophage be linked to only one oligonucleotide 
moiety, since atiacliment of more than one oligonucleotide moiety to the 
bacteriophage will alter the probability of detecting some of the nucleic 
acid sequence analytes* When more than one oligonucleotide moiety is 
attached to fee bacteriophage, more than one aoaiyte may hybridize m 
each, bacteriophage- In this situation, the probability that uncleaved 
duplexes, and thus nonirifective bacteriophage, rimy continue to exist 
after treatment with the nuclease is high, and the sensitivity of the assay 
is likely to- be atered. For each capture probe species the number of 
oligonucleotide moieties linked to each bacteriophage: may be ccmtrolied, 
for example, by using a limiting concentration of oligonucleotide 
moieties as compared to the concentration or bacteriophage, thus 
eomroIUng the spacing of oligonucleotide on the bacteriophage surface, 
in this way the coneentraikms of oligonucleotide and bacteriophage may 
he adjusted so that the probability that one bacteriophage will be linked 
to mo oligonucleotides k minimized. Alternatively, the concentration 
of oligonucleotide moieties on the solid support or matrix may be 
maximized in such a way that steric hindrance prevents atiachnient of 
more than one bacteriophage to each solid support or matrix. A third 
means for controlling the number of oligonpcleotide mottles linked to 
each bacteriophage is to reduce the number of possible sitm for linkage 
oo the bacteriophage surface. When the linkage between oligonucleotide 
and bacteriophage is noncovalertt, this may be accomplished by reducing 
the number of chemical linkages between the bacteriophage m4 the 
second member of the none oyalent binding pair. Use of a genetically 
modified bacteriophage such as the XV AS bacteriophage described in 
Example 3, in combination with biotm and an oligonucleotide moiety 
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attached to avMm or strep tavidin* permits optimal control of the number 
of oligamickmides per bacteriophage. 

Urdea et aL (Nucleic Acids 16: 4937-4956, 1988) describe 
methods far coyateafly 'attaching the protein enzymes horseradish 
peroxidase and alkaline phosphatase to HSalkyiamino deoxycytidme- 
eomamlxig 0ligo4eoxyribonucleotides> In general, any heterdfeiftmciional 
cross- tinker or homobifiiHCtiOTia! cross-linker such as those available 
from Pierce (Rockford, It) can be employed to. crosslink a protein to 
an qiigofiucleoade confining a functional gro&p which reacts with die 
ero$&4infcmg reagent In the aforementioned example, the N 4 -a!kyamim>- 
group reacts with the cross -linking reagent, dnsQlhioeyanate. Such 
chemicals hsciada, without limitation, N"p^dimethy!amiiic>-4> 
meihy Ic oumadny] )-maleimide; 5 J'-di thiofois (2-mlroben2oie acid); 
maieimidopropionyn-hiocytin, and the like. Other chemicals may also 
he used to attach the oligonijcleotide to the second member of the notv 
eovatefit bindmg pair, for example, those disclosed in Yam&mo&vet aL, 
AnaL Bieekem, {1978) 84, 313-318; ZelakowskL AnaL Bmckem (imQ) 
im> 307-312;. and Bayer & Methods EnzymoL (1990) 184, 138-160, 
Generally, the method of attachment of the oligonucleotide moiety to the 
protemaeeotis member of the ■■binding pair will employ a large excess of 
the number of proteinaceous molecules over the number of 
oligonucleotide molecules. 

In accordance with the mvenuon, the above-described capture 
probes are combined with a sample of a fluid which may contain a 
plurality of nucleic acid sequence anaSytes, and the combination is 
incubated at a temperature and for a time sufficient to allow nucleic acid 
hybridization to occur, thereby forming a nucleic acid hybridisation 
mixture. The conditions of the ineiihaiion most be, such that the 



infeetivhy of the bacteriophage Is preserved. Generally, incubation 
conditions for nucleic acid hybridization are well known < requiring 
relatively high temperatures and high salt eoneeMfauons, for example, 
for Stringent* hybridisation. Because of the need to avoid ineversibly 
destroying the infect! vlty of .the lainbdoid bacteriophage m oiet y of the. 
capture probe^ite'bybndi^tlDn incubation conditions may be modified 
by addition of appropriate sails or by addition of polyamines, or the 
like, to allow bybriaizatfen to proceed efficiently m less than optimal 
hyferidization temperatures. Additionally,, ions, may be required to 
maintain bacteriophage viability,. Finally, the pH of the hybridization 
buffer & important for liability of the hybrid and viability of the 
bacteriophage, A preferred range is from pH 71) to 8,0. Such 
deiemsinati&iis of optimal hybrid teation conditions are routine for those 
of skill In the art. 

In accordance with, the' method of the invention* after a time 
sufficient to allow stibstantiaiSy all of the nucleic acid sequence anal ytes 
presem in toe biological Quid to hybridise to the appropriate capture 
probes, the hybridization mixture is combined with nuclease capable of 
cleaving the nucleic acid duplexes that have been formed. When the 
oligonucleotide moiety of the capture probe comprises only 
deoxyribonucleic acid, such a nuclease may he an appropriate restriction 
andomsciease, as is described in detail in copending US. Ser, Ho, 
08/368,870, In. the preferred embodiment each ot* the capture probes 
contains a number of contiguous ribonucleotides sufficient to form a 
substrate for an endoribonuclease that cleaves RNA/RNA duplexes, such 
as RNase M> or to form a substrate for a ribonuciea^e that cleaves 
DMA/RMA duplexes, such as RN&se H> The nuclease is incubated wife 
the duplexes at a temperature and for a lime sufficient to allow cleavage 
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of all duplexes present. Such incubation conditions are readily 
determ i nabie for n ucleolytie enzymes. 

Infective bacteriophage are released by the action of the 
nuclease, and the different signals generated by each species of capture 
probe may be detected by plating the bacteriophage on an indicator 
medium. As is well known in the art, "plating" is defined as 
incubating an aliquot of the bacteriophage with an aliquot of a suitable 
bacterial host for a time sufficient to allow infection by the released 
bacteriophage, depositing this mixture at a suitable dilution on an 
indicator medium, and incubating the diluted mixture for a time and at a 
temperature sufficient to allow detectable plaque formation, in 
accordance with the invention, the dilution of combined bacteriophage 
and bacterial host is adjusted so that each bacteriophage yields a 
separate claque which is not fused with other plaques when plated. 
Methods for obtaining distinct bacteriophage plaques are well known m 
die art; 

Detection may be visual or microscopic, and when microscopic 
detection is used, a device for computer generation of images may he 
used. In accordance with the invention, an "indicator medium" is 
defined as a bacterial host and die culture medium on which the host is 
grown. Any bacterial host is suitable for performing this step of the 
method of the invention, so long as the host is not restricted for growth 
of the bacteriophage moiety of the capture probe species. Preferably, 
the bacterial host is defscieni in one or more marker genes. Many such 
marker genes have been identified since bacteriophage studies began 
during the 1940's, For example, if the host is deficient (preferably 
deleted) for expression of a plurality of enzymatic markers such as p> 
gaiactosidase, alkaline phosphatase, lactic dehydrogenase:, succinic: 



23 



dehydrogenase, and the like, bacteriophage of each eaptpre probe 
species may be manipulated to contain and to eonsiiiuentiy express an 
appropriate enzymatic marker. As set forth above, marker genes or 
cDHAs from iton- bacterial genera, e.g.. horseradish peroxidase, 
iactopemxi.dase> lociferase, and the like, may also be introduced Into 
the : bacteriophage for use in accordance with the im^enlkm 

When grown in the presence of su^traies for the enzymatic 
markers the plaques generated by each species of capture probe will 
contain the appropriate enzyme and thus catalyst of the corresponding 
substrate will occur. The indicator medium used m the assays, and kits 
of ihe invention thus contains a substrate for each enzyme produced by 
bacteriophage of each capture probe species. Each substrate yields a 
different Signal since each plaque will contain progeny of a skgie 
bacteriophage. In accordance with the -invention, the plaques are 
analyzed for the presence of each signal. Such analysis may he visual 
if the plaques are allowed to develop to a sufficiently large size, ^g. s by 
overnight incubation. Alternatively, earlier detection of xhromogenic or 
fiuereseeni signals may be accomplished by including more bacteria in 
the plating mixture and by using : microscopic detection methods. When 
the bacteriophage contain a fluorescent signal, microscopic deieetion is 
preferred. Multiple fluorescent signals may he detected in accordance 
with the invention using an epiOuorescence microscope coupled to a 
cooled charge coupled device (i.e.* camera), for example* as described in 
Ried et aL mpm. 

The method of the in venison may be performed manually, or it 
may he automated. In osm automated embodiment of the method of the 
invention, the capture probes are hound to polystyrene wells of a 
microtaer plate using known methods. For example, attachment of the 
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capture probes to the microliter plate may be performed using a plate 
coating system, such as the Dynateeh Aatopiwessor (Dynaiech 
Laboratories, Inc., Chanlilly, VA). 

The- present invention may also be embodied as a kit far 
detection and optionally quantitation of nucleic mid sequence analyies 
in a biological' fluid; The kit of the invention includes the capture probe 
species described above, along with such other components m allow 
practice of the method of the invention. For example, buffers, for 
enhancing the hybridization reaction of the method of the invention may 
he provided as kh components. An Indicator medium for plating the 
bacteriophage may also be included for example, such selective medium 
may comprise a suitable bacteria! hmt and a plating composition 
comprising the various substrates catalyzed by the enzymatic marker 
contained within the bacteriophage of each capture probe species. An 
endoribomic lease capable of cleaving RNA/DH A duplexes such as 
RNase. H, or an endorihonuciease capable of cleaving RNA/RMA 
duplexes such as RNase III, or a restriction endonuclease may also he 
provided, as a kit component. Buffers suitable for the enzyme reactions 
employed in the method may also be included m the kit of the 
Invention.. When coiorimetric, Ouofcscent or luminescent methods are. 
used to delect the number of bacteriophage released from the mains, 
reagents suitable for performing the coionmetric, fiuoresceni, or 
luminescent methods such as enzymes or substrates may be included as 
kit components. Additional kit components may also be included which, 
enhance the convenience of the assay, for example, assay tubes, pipette 
tips, Petri dishes, and the like. 

The following examples itlustrate the preferred modes of making 
and practicing the present invention, but are not meant to limit the scope 
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of the invention since alternative methods may be used to obtain simUar 
results. 
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EXAMPLE 1 
A gpV FUSION CONSTRUCTS 

The 4.58 kb &mHMM restriction fragment containing X 

5 phage gene V was sufecloned from AgtH into pLITMUS 38 (New 

Bns'land Biolsfes, Beverly, MA). Hits served as the A shuttle vector, 
pHSL allowing specific ONA sequences to be moved back into A. 

Polymerase chain reaction (PCR) cloning techniques were used 
m amplify the OS iransearhoxylase gene of P. sherfmnu &nd gene V 

j ( } of A. phage gil I . An amber stop codon (TAG) was inserted: ax either of 

two positions of gene V; TAG was substituted for CAG gte{77 and 
C/tf^^r and are; referred to as V M>,7? and V 5 ^ respectively,. A 
unique Sfil site was introduced prior to the start of the coding region for 
the US subumt and immediately following each amber codon in gene 

1*5 v. Gene V and the LIS hanscarboxylase subunit were simultaneously 

cloned into toe pKK223~3 expression vector (Pharmacia) after digesting 
gene V with EetrtWSfilmd the transcarboxyiase gene with SfiUHmd EL 
The PF-box, formed by annealing two complementary 81 base 
ohgonucteotides containing toe Pro-Thr DNA sequence data, was 

20 inserted into the Sfil site to Complete the gpV~PT-I,3S transcarboxyiase 

gene fusion construct. The gene fusion constructs containing V* mii7 and 
y*»*« referred to as pHS4 and pBS5 respectively. 

The 15 base intergenic DNA sequence between gp¥-PTT.3S and 
Gene G of A. phage was modified to create a Hindlll restriction site. To 

25 crm& this site, bases TCC at positions 9696-9698 in Agtl 1 were 

replaced with GGTP using PGR cloning techniques. The AMlVHin&m 
gpV PT-1.3S restriction fragments were subcloned simultaneously with 
the HinmU/Apal gene G fragment into pHSi. The gene fesion - gene G 
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construct : - -containing V*" IT? wid.V** 2 * are referred to as pHSo and 
pHS7 respectively, 

EXAMPLE 2 

5 EXPRESSION OF FUSION CONSTRUCTS 

£ coil strain XL! -blue was iransfornied with each of the fusion 
constructs. pHS4 and pBSS. The fusion proteins were IPTG induced, 
whole cell Ivsaies were loaded onto a 15% SOS PAGE ga! and 

10 c^oma&sie blue siained, and analysed for biotinylaiion of the US fusion 

moiety by Western analysis-sirepiavidin conjugated alkaline 
phosphatase. The results showed expression of both the truncated 
version of each gene V (V* mm and V 4 * 30 ^ and the MI length fusion 
construe!* gpV-PT-LSS. Western analysis showed that each; fasten 

13 construct- acted as an acceptor protein for bio tin via c&U bioon ligase, 

EXAMPLE 3 
CONSTRUCTION OF XV AS 

These experiments are schematic ally depicted In Figure 1, The 
20 5:9 Xmctl fragment of A gt! I carrying the SamKiQ mutation was replaced 

with the same fragment from i-EMBO carrying: the wild type gene S- 
Tiiis phage is referred le as AgES (gtl i with SwtX The 8amHE4^i a- 
gp-V-PT-L3S fusion fragments from pH&S and pHS7 were subcloned 
into- the same sites of X-BMBL3. These recornbi nmi phage are referred 
25 to m XgEV M and AgJBV a "**'. The cal Mx-mn. fragment from AgEV 

was ligated to the two >4i?^l »righi-arm fragments of Xg£& tc* produce 
the complete recombinant phage, A V AS(A YAS-177 and IV AS 234). 
Construction, was confirmed through plaque "hybndfeaifens and 



28 



restriction analysis of XVAS DMA. Western analysis showed thai fee 
gpV^-l JS fusion protein was expressed under A control and 
efficiently biotmyiatedL 

Those of skill in the art will recogiiite that the -invention may be 

5 embodied m other specific forms without departing from the spirit or 

essential characteristics thereof. The presently described embodiments 
are therefore to be considered in all rejects as illustrative and not 
restrictive, the scope of the invention being indicated by the appended 
clmms rather than by the: foregoing description, and all variations of the 

10 Invention which are encompassed within the meaning and range of 

equivalency of the claims are therefore intended to be emh raced thereto 
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CLAIMS 

L An assay to deieet at least iwo diOerepi nucleic acid sequence 
anatyies in a fluid, comprising the steps of: 

a) pracessmg the fluid to release siFigle-stended nucleic acidic; 

b) providing at least two species of capture prober each species 
comprising a bacteriophage United to a single-stranded oligonucleotide 
complameniary to one analyse, wherein the bacteriophage of. each, 
species Is capable of generating a distinctive signal when plated on m 
indicator medium; 

c) corxihrning the fluid and the capture probes at a temperature 
and the capture probes at a temperature and jfbr a time sufficient to form 
a hybrid* miosi mixture without irreversibly, destroying the infeeiivity of 
the hacieriophage; 

d) incubating the- hybridisation mixture with a nuclease capable 
of cleaving fiueleic acid duplexes toned in step. oat a temperature and 
for a lime sufficient to allow cleavage of said duplexes, tbe^by 
releasing ineffective bacteriophage; 

e) plating the infective bacteriophage on the selective medium; 

and 

f) detecting the signals corresponding to the infective 
bacteriophage. 

3. The assay oi claim L wherein the fluid is selected from 
the group /.consisting .of serum, plasma, whole blood, urine, semen, 
vaginal secretions, saliva, sputum, milk, lymphatic fiukt sweat, lacrimal 
secretions.,, cerebrospinal fluid, bone marrow, ascites, cell lysate, biopsy 
homogenate, culture supernatant, and sewage. 
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3. The assay of claim L wherein die signal is selected from 
the group consisting of a chromogenic substance, a fluorescent 
subsiance, plaque morphology, -a radioactive substance, md 
combinations thereof, 

4. The assay of clairr* JU wherein, the signals are defeated 
visually; spectrophotomeirlcally, or m icroscopkally 

5. The assay of claim U wherein a surface polypeptide of 
ike bacteriophage is linked m a -first site on the : oligonucleotide: 

& The assay of claim 5. wherein ihe polypeptide is non- 
covakmtly linked to the first site, 

7. The assay of claim 3, wherein the polypeptide is 
covaientiy linked to the iirsi site. 

8. The assay of claim S. t wherein a second site of the 
oligonucleotide is linked to a solid support. 

9. The assay of claim 8V wherein the second site is non- 
covalemly linked to the support 

10. The assay of claim 8, wherein the second site is 
covateatiy linked to the support 
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1 L The assay of claim 8, wherein the solid support is 
selected I rem the gmnp consisting of a matrix, a bead, a membrane, and 
: : a mscmiliim plate. 

12. The assay of claim 1, wherein at least three diffc&m 
nucleic acid sequence analytes are delected. 

13. The assay of claim U wherein at least four different 
nucleic acid sequence analytes are detected. 

14. The : assay of claim L wherein at least five .-different 
nucleic acid sequence analytes are detected. 

Ll The assay of claim I < wherein as least m different 
nucleic acid sequence analytes are detected. 

16. The assay of claim i, wherein the aligoHucledtide 
comprises deoxydbonucJeptides , 

IX The assay of claim 16, wherein the nuclease is a 
restriction endonuclease. 

\§, The assay of claim 16, wherein the oligonucleotide 
further comprises ribonucleotides, 

19. The mm* of claim IB, wherein the nuclease is a 
ribonuc lease. 
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20; A kit comprising ai least two species of capture probes, 
each specks comprising a bacteriophage linked to a single stranded 
oligonucleotide ccmipiemeiiiar>- to one analyie, wbemm the 
bacteriophage of each species is capable of generating a dmfecsive 
5 signal when placed on an indicator mediuirL 

21, The kit of claim 20, further comprising an indicator 
medians 

IQ 22. The kit of claim 20, wherein the signal is selected from 

Lite group consisting of a ehromogenic substance^ a fluorescent 
substance, plague morphology, a radioactive sobsiance, and 
combinations thereof 

1 5 23 . The kit of claim 20, wherein the signals arc detected 

visually, specirophoiometricaliy, or microscopically. 

24. The kit of claim -20, wherein a surface polypeptide of the 
bacieriophage is linked to a first site on the oligonucleotide. 
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25. The kit of claim 24, wherein the polypeptide is non- 
covalentty linked to the first site. 

2& The kit of claim 24, wherein the polypeptide is eovnlemly 



linked to the first site. 



27, The kit of claim 24 wherein a second site of the 
oiigonucfeoiide is linked to a solid support 
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28.. The kit of claim 27/ wherein the second site is nan- 
eavaleniiy linked to the support. 

29, The kit M claim 27; wherein the second site k eov&iendy 
5 linked to the support 

30. The ki t of claim 27 r wherein the solid support is selected 
from, the group consisting of a matrix, a bead, a membrane, and a 
microliter plate. 

10 

3 L The kit of claim 20, wherein at least three different 
nucleic acid sequence analyses are delected. 

32, The kit of claim 20, wherein at least four different nucleic 
1 5 acid sequence analy tes are detected. 

33. The kit of claim 20, wherein at leas! five d.iffereht nucleic 
acid sequence analyses- are detected, 

20 34. The kit of claim 20, wherein at least six different nucleic 

acid sequence analyses are de-tee te& 
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